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(57) ABSTRACT

Silica composite particles in which a silica particle surface is
sequentially surface-treated with a titanium compound in
which an organic group is bonded to a titanium atom through
an oxygen atom, and a hydrophobizing agent are provided, in
which a titanium content in the silica composite particles
measured using fluorescence X-ray is from 0.001% by weight
to 10% by weight; a titanium content of a surface layer of the
silica composite particles satisfies the following Formula (1);
an average particle diameter of the silica composite particles
is from 30 nm to 500 nm; and a particle size distribution index
of' the silica composite particles is from 1.1 to 1.5:

0.6<¥/X<1.8 o)

wherein X represents a titanium content in silica composite
particles measured using fluorescence X-ray, and Y repre-
sents a titanium content of the silica composite particle sur-
face obtained by XPS measurement.
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SILICA COMPOSITE PARTICLES AND
METHOD OF PREPARING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2013-013268
filed Jan. 28, 2013.

BACKGROUND

1. Technical Field

The present invention relates to silica composite particles
and a method of preparing the same.

2. Related Art

Silica particles are used as additives or main ingredients of
toners, cosmetics, rubbers, abrasives and the like, and have a
role of, for example, improving the strength of resins, improv-
ing the fluidity of powders, or suppressing packing. Since it is
considered that the properties of the silica particles are likely
to depend on the shape of the silica particles, silica particles
having various shapes have been proposed.

SUMMARY

According to an aspect of the invention, there is provided
silica composite particles in which a silica particle surface is
sequentially surface-treated with a titanium compound in
which an organic group is bonded to a titanium atom through
an oxygen atom, and a hydrophobizing agent, in which a
titanium content in the silica composite particles measured
using fluorescence X-ray is from 0.001% by weight to 10%
by weight, a titanium content of a surface layer of the silica
composite particles satisfies the following Formula (1), an
average particle diameter of the silica composite particles is
from 30 nm to 500 nm, and a particle size distribution index
of the silica composite particles is from 1.1 to 1.5:

0.6<¥/X<1.8 o)

wherein in Formula (1), X represents a titanium content (%
by weight) in silica composite particles measured using fluo-
rescence X-ray, and Y represents a titanium content (atom %)
of the silica composite particle surface obtained by XPS
measurement.

DETAILED DESCRIPTION

Hereinafter, an exemplary embodiment illustrating an
example of the invention will be described in detail.
Silica Composite Particles

The silica composite particles according to the exemplary
embodiment are silica composite particles in which a silica
particle surface is sequentially surface-treated with (1) a tita-
nium compound and in which an organic group is bonded to
atitanium atom through an oxygen atom and (2) a hydropho-
bizing agent.

A titanium content in the silica composite particles mea-
sured using fluorescence X-ray is from 0.001% by weight to
10% by weight, and a titanium content of a surface layer of the
silica composite particles satisfy the following Formula (1),
in which the silica composite particles have an average par-
ticle diameter of from 30 nm to 500 nm, and a particle size

distribution index of from 1.1 to 1.5.
0.6<¥/X<1.8 n

In Formula (1), X represents a titanium content (% by
weight) in silica composite particles measured using fluores-
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cence X-ray. Y represents a titanium content (atom %) of the
silica composite particle surface obtained by XPS measure-
ment.

Due to the aforementioned configuration, the silica com-
posite particles according to the exemplary embodiment
improve the dispersibility into a target to be attached (for
example, resin particles, iron powder and other powder) and
the maintenance of fluidity of the target to be attached even if
the environment fluctuates.

The reason for this is not clear, but is considered to be as
follows.

The silica composite particles having the volume average
particle diameter and particle size distribution index are the
particles having the characteristics that the size range thereof
is appropriate and the particle size distribution thereof is
uniform.

Since such silica composite particles are in an appropriate
range and have uniform particle size distribution, the adhe-
sion among the particles is considered to be lower and thus
less likely to cause friction among the particles, as compared
with particles having a broader particle size distribution. As a
result, it is considered that the silica composite particles by
itself are excellent in fluidity.

In addition, since the silica composite particles are in an
appropriate range and satisfy the above Formula (1), a lot of
the titanium having higher affinity than the silica, with respect
to the target to be attached, is present on the surface, as
compared with the center portion. It is considered that, when
attaching to the target to be attached, it is less likely to cause
embedding to the target to be detached therefrom.

Therefore, it is considered that the silica composite par-
ticles according to the exemplary embodiment improve the
dispersibility into a target to be attached and the maintenance
of fluidity of a target to be attached.

In addition, since the silica composite particles of the
exemplary embodiment contain titanium in an appropriate
range, hygroscopicity decreases, as compared with the silica
particles including only silicon oxide, that is, when the envi-
ronment has fluctuated (for example, environmental fluctua-
tion between the environment of high temperature and high
humidity represented by the summer environment and the
environment of low temperature and low humidity repre-
sented by the winter environment), the fluctuation of the
amount of water retention decreases, and it is considered that
the fluctuations of the characteristics (such as fluidity of the
silica composite particles by itself) are suppressed.

From the above, it is considered that the silica composite
particles according the exemplary embodiment improve the
dispersibility into a target to be attached and the maintenance
of fluidity of a target to be attached even if the environment
fluctuates.

Specifically, it is considered that that since the silica com-
posite particles according to the exemplary embodiment have
an irregular shape having an average degree of circularity of
from 0.5 to 0.85, in a case of being attached to a target to be
attached, occurrence of embedding into the target to be
attached or uneven distribution or detaching caused by rolling
is suppressed, and occurrence of destruction caused by a
mechanical load is suppressed, as compared with a case
where particles have a spherical shape (a shape having an
average degree of circularity of greater than 0.85). Therefore,
it is considered that the dispersibility into a target to be
attached and the maintenance of fluidity of a target to be
attached become easier to improve.

Hereinafter, the silica composite particles according to the
exemplary embodiment will be described in detail.
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The silica composite particles according to the exemplary
embodiment are composite particles in which the surface of
the particles included silicon oxide (silicon dioxide: silica) is
surface-treated with organic titanium compound and hydro-
phobizing agent, that is, the composition particles which has
alarge amount of titanium on the surface layer than the center
portion of the silica particles.

Specifically, the titanium content in the silica composite
particles measured using fluorescence X-ray is from 0.001%
by weight to 10% by weight, and the titanium content of the
surface layer of the silica composite particles satisfies the
following Formula (1).

0.6<¥/X<1.8 o)

In Formula (1), X represents a titanium content (% by
weight) in silica composite particles measured using fluores-
cence X-ray. Y represents a titanium content (atom %) of the
silica composite particle surface obtained by XPS measure-
ment.

Here, the titanium content in the silica composite particles
measured using fluorescence X-ray is preferably from
0.001% by weight to 5% by weight, and more preferably from
0.1% by weight to 3% by weight.

When the content of titanium is less than the above range,
the fluctuations of the characteristics of the silica composite
particles caused by the environmental fluctuations occur.

On the other hand, when the content of titanium exceeds
the above range, in a case of preparing the silica composite
particles, this causes the vigorous reaction of a titanium com-
pound (particularly, tetraalkoxytitanium), which leads to
excess occurrence of coarse powder or the deterioration of
particle size distribution and of the shape, thereby the desired
particle size is unable to be obtained. In particular, in a case
where a mechanical load is applied to the silica composite
particles, the particles tend to have defects, and it is difficult to
have an improvement in fluidity maintenance.

The titanium content in the silica composite particles mea-
sured using fluorescence X-ray is obtained by measuring
NET strength of constitutional elements in the particles, using
a fluorescence X-ray analyzer: XRF 1500 (manufactured by
Shimadzu Corporation), and the titanium content is quanti-
fied and measured from calibration curves of the above NET
strength and the NET strength at titanium content of 0% and
100%.

The titanium content of the silica composite particle sur-
face obtained by XPS measurement is calculated by a X-ray
photoelectron spectrometer. Specifically, the titanium con-
tent is calculated from intensity of the peak of each element
measured using JPS9000MX (manufactured by JEOL Ltd.)
as a measurement device, in MgKa rays, under conditions of
10kV, 20 mmA.

Average Particle Diameter

The silica composite particles according to the exemplary
embodiment have an average particle diameter of from 30 nm
to 500 nm (preferably from 60 nm to 500 nm, more preferably
from 100 nm to 350 nm, and still more preferably from 100
nm to 250 nm).

In addition, the average particle diameter is the average
particle diameter of the primary particles of the silica com-
posite particles.

When the average particle diameter of the silica composite
particles is less than 30 nm, the shape of the silica composite
particles tends to be spherical, and it is difficult to have a
shape having an average degree of circularity of the silica
composite particles from 0.50 to 0.85. In addition, even if the
particles have an irregular shape, this makes it difficult to
suppress the embedding of the silica composite particles into
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a target to be attached, and makes it difficult to realize the
maintenance of fluidity of a target to be attached.

On the other hand, when the average particle diameter of
the silica composite particles exceeds 500 nm, in a case where
a mechanical load is applied to the silica composite particles,
the particles tend to have defects, which makes it difficult to
realize the maintenance of fluidity of a target to be attached.

In regard to measuring the average particle diameter of the
silica composite particles, the silica composite particles are
dispersed into resin particles having a particle size of 100 um
(polyester, weight average molecular weight Mw=50000),
and then 100 primary particles of the dispersed silica com-
posite particles are observed with an SEM (Scanning Elec-
tron Microscope) apparatus. The average particle diameter
means a 50% diameter (D50v) in the cumulative frequency of
the circle-equivalent diameter obtained by an image analysis
for the primary particles.

Particle Size Distribution Index

The silica composite particles according to the exemplary
embodiment have a particle size distribution index of from
1.1 to 1.5, and preferably from 1.25 to 1.40.

In addition, the particle size distribution index is the par-
ticle size distribution index of the primary particles of silica
composite particles.

The silica particles in which the particle size distribution
index of the silica composite particles is less than 1.1 are
difficult to be prepared.

On the other hand, when the particle size distribution ofthe
silica composite particles exceeds 1.5, coarse particles occur,
or the dispersibility into a target to be attached deteriorates
due to variations in particle size. In addition, with the increase
of the presence of the coarse particles, number of defects in
the particles increases due to mechanical loads thereof,
thereby making it difficult to realize the fluidity maintenance
of a target to be attached.

In regard to measuring a particle size distribution index of
the silica composite particles, the silica composite particles
are dispersed into resin particles having a particle size of 100
um  (polyester, weight average molecular weight
Mw=50000), and then 100 primary particles of the dispersed
silica composite particles are observed with an SEM appara-
tus. The particle size distribution index means the square root
of the value obtained by dividing an 84% diameter by a 16%
diameter in the cumulative frequency of the circle-equivalent
diameter obtained by an image analysis for the primary par-
ticles.

Average Degree of Circularity

The silica composite particles according to the exemplary
embodiment, for example, preferably have an average degree
of circularity of from 0.5 to 0.85, more preferably from 0.6 to
0.8.

In addition, the average degree of circularity is the average
degree of circularity of the primary particles of the silica
composite particles.

When the average degree of circularity of the silica com-
posite particles is less than 0.50, the particles have a spherical
shape with a large vertical/horizontal ratio of the silica com-
posite particles. As a result, in a case where a mechanical load
is applied to the composite silica particles, stress concentra-
tion occurs, thereby the particles tend to have defects, which
makes it difficult to realize the maintenance of fluidity of a
target to be attached.

On the other hand, when the average degree of circularity
of'the silica composite particles exceeds 0.85, the silica com-
posite particles approach a spherical shape. Therefore, in a
case of mixing with a target to be attached, due to the
mechanical loads such as stirring, the silica composite par-
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ticles may be unevenly attached, or after being stored over
time, the silica composite particles may be unevenly attached,
and thus the dispersibility into the target to be attached dete-
riorates, and additionally, the silica composite particles tend
to be detached from the target to be attached.

In relation to the degree of circularity “100/SF2” of the
silica composite particles, the silica composite particles are
dispersed into resin particles having a particle size of 100 pm
(polyester, weight average molecular weight Mw=50000),
and then primary particles of the dispersed silica particles are
observed with an SEM apparatus. The degree of circularity is
calculated by the following Formula (2) from an image analy-
sis for the obtained primary particles.

Degree of Circularity (100/SF2)=4mx(4/I) )

In Formula (2), I represents a peripheral length of the
primary particles shown on the images, and A represents a
projected area of the primary particles.

In addition, the degree of circularity of the silica composite
particles is obtained as a 50% degree of circularity in the
cumulative frequency of the circle-equivalent diameters of
100 primary particles obtained by the image analysis.
Method of Preparing Silica Composite Particles

The method of preparing the silica composite particles
according to the exemplary embodiment is the preparation
method for obtaining the silica composite particles according
to the exemplary embodiment described above, and is spe-
cifically as follows.

The method of preparing the silica composite particles
according to the exemplary embodiment is a method of pre-
paring the silica composite particles including a step of pre-
paring an alkali catalyst solution in which an alkali catalyst is
contained in a solvent containing alcohol, a step of supplying
a tetraalkoxysilane and an alkali catalyst into the alkali cata-
lyst to form silica particles; a step of adding a mixed solution
of alcohol and a titanium compound in which an organic
group is bonded to a titanium atom through an oxygen atom,
in the alkali catalyst solution in which the silica particles are
formed, to perform a surface-treatment of the surface of the
silica particles by the titanium compound; and a step of per-
forming a surface-treatment of the surface of the silica par-
ticles treated by the titanium compound, with a hydrophobi-
zing agent.

That is, the method of preparing silica composite particles
according to the exemplary embodiment is a method of
obtaining silica composite particles by supplying an alcohol
diluted solution in which a titanium compound is diluted with
alcohol into a solution of silica particles produced by sol-gel
method, performing surface-treatment of surface of silica
particles by the titanium compound, and then performing a
surface-treatment of the surface of the silica particles treated
by the titanium compound, with a hydrophobizing agent.

In the method of preparing the silica composite particles
according to the exemplary embodiment, the silica composite
particles according to the exemplary embodiment are
obtained, by the technique described above. The reason for
this is not clear, but is considered to be as follows. When
performing surface-treatment by the titanium compound, by
using the alcohol diluted solution in which a titanium com-
pound is diluted with alcohol, instead of the titanium com-
pound alone, the reaction rate of the titanium compound is
lowered, and the polymerization reaction which biased the
titanium compounds is suppressed, therefore, the silica com-
posite particles having a desired particle diameter and particle
size distribution are formed.

Here, in the preparing method of the silica composite par-
ticles according to the exemplary embodiment, the sol-gel
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method to form silica particles is not particularly limited,
well-known methods are employed.

On the other hand, specifically, among the silica composite
particles according to the present exemplary embodiment, in
order to obtain irregular shaped silica composite particles, the
following methods may be preferably employed.

A method of preparing the irregular shaped silica compos-
ite particles will be described, hereinafter, referred to as a
“method of preparing silica composite particles according to
the exemplary embodiment”.

The method of preparing silica composite particles accord-
ing to the exemplary embodiment is a method of preparing the
irregular shaped silica composite particles including a step of
preparing an alkali catalyst solution containing an alkali cata-
lyst at a concentration of from 0.6 mol/L to 0.85 mol/L,, in a
solvent containing alcohol, a step of supplying, into the alkali
catalyst solution, tetraalkoxysilane at a supply amount of
from 0.001 mol/(mol‘min) to 0.01 mol/(mol-min) relative to
the alcohol, an alkali catalyst at a supply amount of from 0.1
mol to 0.4 mol, relative to per 1 mol of a total supply amount
of the tetraalkoxysilane per one minute, to form silica par-
ticles, a step of supplying a mixed solution of alcohol and a
titanium compound in which an organic group is bonded to a
titanium atom through an oxygen atom, in the alkali catalyst
solution in which the silica particles are formed, to perform a
surface-treatment of the surface of the silica particles by the
titanium compound, and a step of performing a surface-treat-
ment of the surface of the silica particles treated by the tita-
nium compound, with a hydrophobizing agent.

That is, in the method of preparing the silica composite
particles according to the exemplary embodiment, the silica
particles are formed by allowing tetraalkoxysilane to react,
respectively, in the presence of alcohol containing an alkali
catalyst at the concentration described above, while sepa-
rately supplying tetraalkoxysilane as a raw material and an
alkali catalyst as a catalyst in the amounts that satisfy the
aforementioned relationship and then the silica composite
particles are obtained by adding a mixed solution of alcohol
and a titanium compound in the alkali catalyst solution in
which the silica particles are formed, performing a surface-
treatment of the surface of the silica particles by the titanium
compound, and performing a surface-treatment of the surface
of'the silica particles treated by the titanium compound, with
a hydrophobizing agent.

In the method of preparing the silica composite particles
according to the exemplary embodiment, the occurrence of
coarse aggregates is reduced and irregularly shaped silica
composite particles are obtained, by the technique described
above. The reason for this is not clear, but is considered to be
as follows.

First, an alkali catalyst solution in which an alkali catalyst
is contained in a solvent containing alcohol is prepared. When
tetraalkoxysilane and an alkali catalyst are supplied into this
solution, respectively, the tetraalkoxysilane supplied into the
alkali catalyst solution are allowed to react, and nuclear par-
ticles are formed. At this time, when the concentration of the
alkali catalyst in the alkali catalyst solution is within the range
as defined above, it is considered that nuclear particles having
an irregular shape may be formed while suppressing forma-
tion of coarse aggregates such as secondary aggregates. This
is considered to be based on the following reason. In addition
to catalytic action thereof, the alkali catalyst coordinates with
the surface of the nuclear particles that are formed and con-
tributes to the shape and dispersion stability of the nuclear
particles. However, when the amount is in the range described
above, the alkali catalyst does not uniformly cover the surface
of the nuclear particle (that is, the alkali catalyst is unevenly
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distributed on the surface of the nuclear particles and adheres
to the surface). Accordingly, even though the dispersion sta-
bility of the nuclear particles is maintained, partial bias in the
surface tension, and chemical affinity of the nuclear particles
occur, and thus irregular shaped nuclear particles are formed.

When the supplies of the tetraalkoxysilane and the alkali
catalyst are respectively continued, the nuclear particles that
are formed grow as a result of the reactions of the tetraalkox-
ysilane, and thereby the silica composite particles are
obtained.

It is considered that when these supplies of tetraalkoxysi-
lane and the alkali catalyst are carried out while the amounts
of'supply are set to be in the relationship described above, the
irregular shaped nuclear particles grow into particles while
maintaining the irregular shape, with the formation of coarse
aggregates such as secondary aggregates being suppressed,
and as a result, irregular shaped silica composite particles are
formed. This is considered to be because, when these amounts
of supply of the tetraalkoxysilane and the alkali catalyst are
maintained in the relationship described above, the dispersion
of'the nuclear particles is maintained, while the partial bias in
the tension and chemical affinity at the nuclear particle sur-
face is maintained, and therefore, the nuclear particles grow
into particles while maintaining the irregular shape.

Here, it is considered that the supply amount of the tet-
raalkoxysilane has effects on the particle size distribution or
the degree of circularity of the silica composite particles. Itis
considered that, by controlling the supply amount of the
tetraalkoxysilane to be from 0.001 mol/(mol'min) to 0.01
mol/(mol-min) relative to the alcohol, the contact probability
of the tetraalkoxysilane added dropwise and the nuclear par-
ticles is reduced, and the tetraalkoxysilane is evenly supplied
to the nuclear particles before the tetraalkoxysilane react with
each other. Thus, it is considered that the reaction of the
tetraalkoxysilane with the nuclear particles can evenly take
place. As a result, it is considered that the variation in particle
growth may be suppressed and the silica composite particles
having a narrow distribution width may be prepared.

In addition, it is considered that the average particle diam-
eter of the silica composite particles depends on the total
supply amounts of the tetraalkoxysilane.

From the above, it is considered that in the method of
preparing the silica composite particles according to the
exemplary embodiment, the irregular shaped silica composite
particles according to the exemplary embodiment described
above may be obtained.

Furthermore, it is considered that in the method of prepar-
ing the silica composite particles according to the exemplary
embodiment, irregular shaped nuclear particles are formed,
and the nuclear particles are allowed to grow while maintain-
ing this irregular shape, to thereby form the silica composite
particles. Therefore, it is considered that irregular shaped
silica composite particles having high shape-stability against
a mechanical load, are obtained.

Furthermore, it is considered that in the method of prepar-
ing the silica composite particles according to the exemplary
embodiment, the formed irregular shaped nuclear particles
grow into particles while maintaining the irregular shape, and
thus the silica composite particles are obtained. Therefore, it
is considered that the silica composite particles that are strong
against a mechanical load and are difficult to break, are
obtained.

Furthermore, in the method of preparing the silica compos-
ite particles according to the exemplary embodiment, alkox-
ysilane and an alkali catalyst are respectively supplied into an
alkali catalyst solution, and the reactions of alkoxysilane are
induced, and thereby the formation of particles is achieved.
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Therefore, the total amount of the alkali catalyst used is
reduced as compared with the case of preparing irregular
shaped silica composite particles by a sol-gel method in the
related art, and as a result, the omission of a step for the
removal of alkali catalyst is also realized. This is favorable in
the case of applying the silica composite particles to a product
where high purity is required.

First, an alkali catalyst solution preparing step will be
described.

The alkali catalyst solution preparing step includes prepar-
ing a solvent containing alcohol, and adding an alkali catalyst
to this solvent, thereby preparing an alkali catalyst solution.

The solvent containing alcohol may be formed only of
alcohol, or may be a mixed solvent combined with other
solvents, including water, ketones such as acetone, methyl
ethyl ketone or methyl isobutyl ketone, cellosolves such as
methyl cellosolve, ethyl cellosolve, butyl cellosolve or cello-
solve acetate, ethers such as dioxane or tetrahydrofuran, and
the like. In a case of the mixed solvent, the amount of alcohol
to the other solvents is preferably 80% by weight or more, and
more preferably 90% by weight or more.

Examples of the alcohol include lower alcohols, such as
methanol or ethanol.

On the other hand, the alkali catalyst is a catalyst used for
promoting the reactions of the tetraalkoxysilane (hydrolysis
reaction or condensation reaction), and examples thereof
include a basic catalyst such as ammonia, urea, monoamine
or a quaternary ammonium salt, and ammonia is particularly
preferable.

The concentration (content) of the alkali catalyst is from
0.6 mol/L to 0.85 mol/L, preferably from 0.63 mol/L. to 0.78
mol/L, and more preferably from 0.66 mol/L to 0.75 mol/L.

When the concentration of the alkali catalyst is less than
0.6 mol/L, the dispersibility of the formed nuclear particles
during the growth may become unstable. As a result, coarse
aggregates such as secondary aggregates may be formed or a
gel may be formed, and the particle size distribution may
deteriorate in some cases.

On the other hand, when the concentration of the alkali
catalyst is greater than 0.85 mol/L, stability of the formed
nuclear particles may be excessively high. As a result, spheri-
cal nuclear particles may be formed and irregular shaped
nuclear particles having an average degree of circularity of
0.85 or less may not be obtained. Accordingly, irregular
shaped silica composite particles may not be obtained.

In addition, the concentration of the alkali catalyst is a
concentration relative to the alcohol catalyst solution (alkali
catalyst+solvent containing alcohol).

Next, a particle forming step will be described.

The particle forming step is a step of forming the silica
particles by supplying tetraalkoxysilane and an alkali catalyst
to an alkali catalyst solution, respectively, and allowing tet-
raalkoxysilane to react, respectively, in the alkali catalyst
solution (hydrolysis reaction or condensation reaction).

In this particle forming step, the silica particles are formed
by forming nuclear particles by the reactions of the tet-
raalkoxysilane at an early stage of supplying the tetraalkox-
ysilane (nuclear particles formation stage) and growing the
nuclear particles (nuclear particles growth stage).

Examples of the tetraalkoxysilane include tetramethoxysi-
lane, tetracthoxysilane, tetrapropoxysilane, and tetrabutox-
ysilane. From the viewpoint of controllability of reaction rate,
or the shape, the particle size, the particle size distribution,
and the like of the silica particles (silica composite particles)
to be obtained, tetramethoxysilane and tetracthoxysilane are
preferable.
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The supply amount of tetraalkoxysilane is from 0.001 mol/
(mol-min) to 0.01 mol/(mol-min), preferably from 0.002 mol/
(mol-min) to 0.009 mol/(mol-min), and more preferably from
0.003 mol/(mol'min) to 0.008 mol/(mol-min), relative to the
alcohol in the alkali catalyst solution.

This amount means that the tetraalkoxysilane is supplied in
a supply amount of from 0.001 mol to 0.01 mol per one
minute, relative to 1 mol of the alcohol used in a step of
preparing the alkali catalyst solution.

Furthermore, the particle size of the silica composite par-
ticles depends on the type of the tetraalkoxysilane or the
reaction conditions, but primary particles having a particle
size of 100 nm or more may be obtained by setting the total
supply amount of the tetraalkoxysilane used in the reaction of
the particles formation to be 1.08 mol or more, relativeto 1 L
of the dispersion of the silica composite particles; and pri-
mary particles having a particle size of 500 nm or less may be
obtained by setting the total supply amount to be 5.49 mol or
less, relative to 1 L of the dispersion of the silica composite
particles.

When the supply amount of the tetraalkoxysilane is smaller
than 0.001 mol/(mol'min), the contact probability between
the tetraalkoxysilane added dropwise and the nuclear par-
ticles is further reduced. In this case, however, production
efficiency is low because it takes a long time to complete the
dropwise addition of the total supply amount of tetraalkox-
ysilane.

It is considered that when the supply amount of the tet-
raalkoxysilane is 0.01 mol/(mol'min) or more, the reaction
between the tetraalkoxysilane may be caused before the tet-
raalkoxysilane added dropwise and the nuclear particles start
to react with each other. Thus, since uneven distribution of
tetraalkoxysilane supplied to the nuclear particles may be
facilitated and the variation in formation of the nuclear par-
ticles may be caused, the average particle diameter and the
distribution width of the shape distribution may be increased.

On the other hand, examples of the alkali catalyst to be
supplied to the alkali catalyst solution include the substances
as illustrated above. The alkali catalyst to be supplied may be
the same as or different from the alkali catalyst that has been
previously contained in the alkali catalyst solution, but is
preferably the same as the alkali catalyst.

The supply amount of the alkali catalyst is from 0.1 mol to
0.4 mol, preferably 0.14 mol to 0.35 mol, and more preferably
0.18 mol to 0.30 mol, relative to per 1 mol of a total supply
amount of the tetraalkoxysilane supplied per one minute.

When the supply amount of the alkali catalyst is less than
0.1 mol, dispersibility of the formed nuclear particles in the
course of growth may become unstable. As a result, coarse
aggregates such as secondary aggregates may be formed, or a
gel may be formed, and thus, the particle size distribution may
deteriorate.

On the other hand, when the supply amount of the alkali
catalyst is greater than 0.4 mol, the formed nuclear particles
are excessively stabilized, and even if irregular shaped
nuclear particles are formed in the nuclear particle formation
stage, the nuclear particles grow into a spherical shape during
the nuclear particle growth stage, so that irregular shaped
silica composite particles are not obtained.

Here, in the particle forming step, while the tetraalkoxysi-
lane and the alkali catalyst are supplied into the alkali catalyst
solution, respectively, this supply method may be a method of
continuously supplying the materials, or may be a method of
intermittently supplying the materials.

Furthermore, in the particle forming step, the temperature
of the alkali catalyst solution (temperature upon supply) is,
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10
for example, suitably in a range of from 5° C. to 50° C.,
preferably from 15° C. to 40° C.

Next, a surface-treatment step will be described.

The surface-treatment step is a step of supplying a mixed
solution of alcohol and a titanium compound in the alkali
catalyst solution in which the silica particles are formed
through the steps described above, to perform a surface-
treatment of the silica particles by the titanium compound.

Specifically, the surface of the silica particles is treated by
the titanium compound, for example, by allowing silanol
group of the surface of the silica particles and an organic
group (for example, alkoxy group) of the titanium compound
to react.

The titanium compound is a metal compound in which a
titanium atom is bonded to an organic group through oxygen,
and examples thereof include titanium compounds such as
alkoxides (for example, methoxide, ethoxide, n-propoxide,
i-propoxide, n-butoxide, i-butoxide, sec-butoxide, tert-bu-
toxide, and the like) and chelates or acylates (for example,
[-diketones such as acetyl acetate; j-ketoesters such as ethyl
acetoacetate; amines such as triethanoleamine, carboxylic
acids such as acetic acid, butyric acid, lactic acid, and citric
acid; and the like).

However, the titanium compound is preferably a titanium
compound having one or more (preferably two or more)
alkoxy groups in terms of the controllability of the reaction
rate or the shape, particle diameter, particle size distribution,
and the like of the obtained silica composite particles. That is,
the titanium compound is a titanium compound in which one
ormore (preferably two or more) alkoxy groups (alkyl groups
bonded to a titanium atom through oxygen) are bonded to a
titanium atom.

In addition, the number of carbon atoms in the alkoxy
group is 8 or less, and preferably from 1 to 4 in terms of the
controllability of the reaction rate or the shape, particle diam-
eter, particle size distribution, and the like of the obtained
silica composite particles.

Specific examples of the titanium compound include tetra-
i-propoxy titanium, tetra-n-butoxy titanium, tetra-t-butoxy
titanium, di-i-propoxybis(ethylacetonate) titanium, di-i-pro-
poxybis(acetylacetonate) titanium, di-i-propoxybis(trietha-
nolaminate) titanium, di-i-propoxy titaniumdiacetate, and di-
i-propoxy titaniumdiprobionate.

On the other hand, examples of the alcohol include an
alcohol having 1 to 4 carbon atoms (preferably, 2 to 4 carbon
atoms), and specific examples of the alcohol include metha-
nol, ethanol, isopropanol, and 1-butanol.

Specifically, from the viewpoint of controllability of reac-
tion rate of the titanium compound, or the shape, the particle
size, the particle size distribution, and the like of the silica
composite particles to be obtained, the alcohol may be the
alcohol that has a carbon number less than the number of
carbon of the alkoxy group of the titanium compound (spe-
cifically, for example, the difference of carbon number is 0 to
2 (preferably, from 0 to 1)).

In addition, the alcohol may be the same as or different
from the alcohol contained in the alkali catalyst solution.

In the mixed solution of a titanium compound and alcohol,
the concentration of the titanium compound relative to the
alcohol is from 0.1% by weight to 50% by weight, preferably
from 0.1% by weight to 5% by weight.

Inthe supply of the mixed solution of a titanium compound
and alcohol, for example, ratio of the titanium compound
relative to the silica particles is preferably from 0.001% by
weight to 10% by weight.

When the supply amount of the mixed solution is set as to
be the range described above, the reaction rate of the titanium
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compound is controlled, and it becomes easier to control
gelation, and the desired titanium content, the shape, the
particle diameter, the particle size distribution of silica com-
posite particles can be easily obtained.

The surface-treatment condition of the silica particles by
the titanium compound is not particularly limited, and for
example, the surface treatment is performed by allowing the
titanium compound to react under stirring at a temperature in
the range of from 5° C. to 40° C.

The silica composite particles which have been subjected
to a surface-treatment by the titanium compound are obtained
through the steps described above.

In this state, the silica composite particles to be obtained
are obtained in the form of a dispersion, and may be used as
a dispersion of the silica composite particles as it is, or as a
powder of the silica composite particles extracted by remov-
ing the solvent.

When the silica composite particles are used as a disper-
sion of silica composite particles, the solids concentration of
silica composite particles may be adjusted by diluting the
dispersion with water or alcohol or by concentrating the dis-
persion, as necessary. Furthermore, the dispersion of silica
composite particles may be used by substituting the solvent
with water-soluble organic solvents such as other alcohols,
esters, or ketones.

On the other hand, when the silica composite particles are
used as a powder, it is necessary to remove the solvent from
the dispersion of the silica composite particles. Examples of
the method for removing the solvent include known methods
such as 1) a method of removing the solvent by filtration,
centrifugal separation, distillation, and the like, and then dry-
ing by a vacuum dryer, a tray dryer, and the like, 2) a method
of directly drying a slurry by a fluidized bed dryer, a spray
dryer, and the like. The drying temperature is not particularly
limited, but is preferably 200° C. or lower. When the drying
temperature is above 200° C., it is likely to cause bonding
among the primary particles or formation of coarse particles
due to the condensation of silanol groups remaining on the
silica composite particle surface.

The dried silica composite particles are preferably pulver-
ized or sieved in order to remove coarse particles or aggre-
gates therefrom, as necessary. The method of pulverization is
not particularly limited and may be carried out by a dry
pulverizer, such as a jet mill, a vibration mill, a ball mill, or a
pin mill. The method of sieving may be carried out by known
devices, such as a vibration sieve or a wind classifier.

Next, a hydrophobization treatment step will be described.

Hydrophobization treatment step is to perform hydropho-
bization treatment by a hydrophobizing agent to the surface of
the silica composite particles obtained through the steps
described above.

Examples of the hydrophobizing agent include known
organosilicon compounds having an alkyl group (for
example, a methyl group, an ethyl group, a propyl group, or a
butyl group). Specific examples thereof include silazane
compounds (for example, silane compounds, such as meth-
yltrimethoxysilane, dimethyldimethoxysilane, trimethyl-
cholorosilane, or trimethylmethoxysilane, hexamethyldisila-
zane, and tetramethyldisilazane). The hydrophobizing agents
may be used singly or in combination of two or more kinds
thereof.

Among these hydrophobizing agents, organosilicon com-
pounds having a trimethyl group, such as trimethylmethox-
ysilane or hexamethyldisilazane, are preferable.

The amount used of the hydrophobizing agent is not par-
ticularly limited, but in order to achieve the effect of hydro-
phobization, for example, the amount used is from 1% by
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weight to 100% by weight, and preferably from 5% by weight
to 80% by weight, relative to the silica composite particles.

Examples of the method of obtaining a dispersion of
hydrophobic silica composite particles which have been sub-
jected to a hydrophobization treatment with a hydrophobiz-
ing agent include a method of obtaining a dispersion of hydro-
phobic silica composite particles by adding a required
amount of a hydrophobizing agent to a dispersion of silica
composite particles, allowing the same to react under stirring
at a temperature in the range of from 30° C. to 80° C., and
thereby subjecting the silica composite particles to a hydro-
phobization treatment. When this reaction temperature is
lower than 30° C., it may be difficult for the hydrophobization
reaction to proceed, and at a temperature exceeding 80° C.,
gelation of the dispersion due to the self-condensation of the
hydrophobizing agent, or aggregation of the silica composite
particles may be likely to occur.

On the other hand, examples of the method of obtaining a
powder of hydrophobic silica composite particles include a
method of obtaining a powder of hydrophobic silica compos-
ite particles by obtaining a dispersion of hydrophobic silica
composite particles by the method as described above, and
then drying the same by the method as described above; a
method of obtaining a powder of hydrophobic silica compos-
ite particles by drying a dispersion of silica composite par-
ticles to obtain a powder of the hydrophilic silica composite
particles, and then adding a hydrophobizing agent thereto to
perform a hydrophobization treatment; and a method of
obtaining a powder of hydrophobic silica composite particles
by obtaining a dispersion of hydrophobic silica composite
particles, and then drying the same to obtain a powder of the
hydrophobic silica composite particles, and further adding a
hydrophobizing agent thereto to perform a hydrophobization
treatment.

Here, the examples of the method for hydrophobizing a
powder of silica composite particles include a method which
includes stirring a powder of hydrophilic silica composite
particles in a treatment bath, such as a Henschel mixer, or a
fluidized bed, adding the hydrophobizing agent thereto, and
heating the treatment bath to gasify the hydrophobizing agent
s0 as to react with silanol groups on the surface of the powder
of'silica composite particles. The treatment temperature is not
particularly limited, but is, for example, preferably from 80°
C. 10 300° C., and more preferably from 120° C. to 200° C.

The silica composite particles according to the exemplary
embodiment as described above may be applied in a variety of
fields such as toners, cosmetics, or abrasives.

EXAMPLES

Hereinafter, the present invention will be more specifically
described with reference to the Examples. However, these
Examples are not intended to limit the scope of the invention.
Unless otherwise specified, “parts” and “% are on the weight
basis.

Example 1

Alkali Catalyst Solution Preparing Step [Preparation
of Alkali Catalyst Solution]

400 parts of methanol and 70 parts of 10% ammonia water
(NH,OH) are placed ina 2.5 LL glass reaction vessel equipped
with a stirrer, a dropping nozzle and a thermometer, and
mixed under stirring to obtain an alkali catalyst solution. At
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this time, the amount of ammonia catalyst: the amount of NH;
(NH;[mol]/(NH,+methanol+water) [L]) in the alkali catalyst
solution is 0.71 mol/L.
Particles Forming Step (Preparation of Suspension of Silica
Particles)

Subsequently, the temperature of the alkali catalyst solu-
tion is adjusted to 25° C., and the alkali catalyst solution is
substituted with nitrogen. Thereafter, while stirring the alkali
catalyst solution at 120 rpm, 200 parts of tetramethoxysilane
(TMOS) and 158 parts of ammonia water (NH,OH) contain-
ing a catalyst (NH;) at a concentration of 3.8% are started to
be added dropwise to the alkali catalyst solution at the same
time over 60 minutes in the following supply amounts, to
obtain a suspension of silica particles (a silica particles sus-
pension).

At this time, the supply amount of the tetramethoxysilane
is adjusted to be 0.0018 mol/(mol'min), relative to the total
number of moles of methanol in the alkali catalyst solution.

In addition, the supply amount of 3.8% ammonia water is
adjusted to be 0.27 mol/min, relative to 1 mol of a total supply
amount of the tetraalkoxysilane supplied per one minute.
Surface-Treatment Step of Silica Composite Particles

An alcohol diluted solution in which tetrabutyl orthotitan-
ate (tetra-n-butoxy titanium) is diluted to be 1.0% by weight
with butanol is prepared.

The surface-treatment is performed by adding the alcohol
diluted solution to the solution in which silica particles are
formed, and the mixture is allow to react to the surface of the
silica particles, thereby obtaining silica composite particles.
In addition, the addition of the alcohol diluted solution is
carried out such that the amount of tetrabuty] orthotitanate as
a titanium compound is adjusted to be 1.75 parts, relative to
100 parts of silica particles.

Thereafter, 500 parts of the solvent of the obtained silica
composite particles suspension is distilled off by heating and
distillation, 500 parts of pure water is added to the residue,
and then the solution thus obtained is dried by a freeze dryer
to obtain irregular shaped hydrophilic silica composite par-
ticles.

Hydrophobization Treatment of Silica Composite Particles

Furthermore, 7 parts of hexamethyldisilazane is added to
35 parts of the hydrophilic silica composite particles, and the
mixture is allowed to react for 2 hours at 150° C., thereby
obtaining irregular shaped hydrophobic silica composite par-
ticles having a hydrophobized particle surface.

Examples 2 to 12, and Comparative Examples 1 to 8

Irregularly shaped hydrophobic silica composite particles
are obtained in the same manner as Example 1, except that
various conditions in the alkali catalyst solution preparing
step, the particle forming step, and the surface-treatment step
of silica particle are changed as indicated in Tables 1 and 2.

However, in Example 9, as the titanium compound, tita-
nium diisopropoxy bis(acetylacetonate) is used instead of
tetrabutyl orthotitanate.

In addition, in Example 10, as the titanium compound,
titanium isopropoxy bis(ethylacetoacetate) is used instead of
tetrabutoxytitanium.

Furthermore, in Tables 1 and 2, “Supply amount of TMOS”
is a supply amount of TMOS relative to number of moles of
alcohol in an alkali catalyst solution.

In addition, “Supply amount of NH,” represents number of
moles relative to per 1 mol of a total supply amount of a metal
compound supplied per one minute.

In addition, “Supply amount of alcohol diluted solution”
represents number of parts (number of parts relative to 100
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parts of silica particles) of a titanium compound supplied by
adding an alcohol diluted solution.

In Tables 1 and 2, the abbreviations are as follows.

TBT=tetrabutyl orthotitanate (tetra-n-butoxytitanium)

BuOH=Butanol
Evaluation
Properties of Silica Composite Particles

For the hydrophobic silica composite particles obtained
from each Example, the content of titanium in the surface
portion of the silica composite particles, the average particle
diameter, particle size distribution, and the average degree of
circularity are investigated according to the methods previ-
ously described.

Furthermore, for the hydrophobic silica composite par-
ticles obtained from Examples 1 to 12, a titanium content is
quantified by the NET strength of constitutional elements in
the particles, using a fluorescence X-ray analyzer: XRF 1500
(manufactured by Shimadzu Corporation), and then mapping
is performed with an SEM-EDX (manufactured by Hitachi
Ltd.,S-3400N). As aresult of the investigation, it is confirmed
that titanium is unevenly distributed on the surface of silica
composite particles.

Dispersibility

In a case where the hydrophobic silica composite particles
obtained from each Example are dispersed in the resin par-
ticle, the dispersibility of the hydrophobic silica composite
particles in resin particles is evaluated.

Specifically, 0.01 g of hydrophobic silica composite par-
ticles are added to 6 g of resin particles having a particle size
of 50 um, the resultant mixture is left to stand under an
environment of a high temperature and a high humidity (un-
der an environment of a temperature of 10° C. and a humidity
ot 15% RH) for 17 hours, and the same is mixed by shaking
with a shaking apparatus for 5 minutes immediately after the
mixture is moved to stand under an environment of a low
temperature and a low humidity (under an environment of a
temperature of 10° C. and a humidity of 15% RH), and then
the surface of the resin particles is observed with an SEM
apparatus, and evaluated in accordance with the following
evaluation criteria (evaluation of dispersibility immediately
after environmental fluctuation).

Similarly, the mixture is moved to stand under an environ-
ment of a low temperature and a low humidity (under an
environment of a temperature of 10° C. and a humidity of
15% RH), for 17 hours, and then the surface of the resin
particles is also observed with an SEM apparatus, and evalu-
ated in accordance with the following evaluation criteria in
the same way (evaluation of dispersibility after elapsed time
of environmental fluctuation).

Evaluation Criteria (Dispersibility)

A: silica composite particles are uniformly dispersed on
the surface of resin particles.

B: A slight degree of aggregates of silica composite par-
ticles are observed, but the coverage (coverage amount) onto
the surface of resin particles is not lowered. Acceptable for
practical applications.

C: Aggregates of silica composite particles are partially
observed, and the coverage (coverage amount) onto the sur-
face of resin particles is clearly lowered. Poor Dispersion.
Fluidity Maintenance

In a case where the hydrophobic silica composite particles
obtained from each Example are dispersed in the resin par-
ticles, the maintenance of fluidity of the resin particle is
evaluated.

Specifically, 0.1 g of hydrophobic silica composite par-
ticles are added to 2 g of resin particles having a particle size
of 10 um, the resultant mixture is left to stand under an
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environment of a high temperature and a high humidity (un-
der an environment of a temperature of 10° C. and a humidity
of 15% RH) for 17 hours, and the same is mixed by shaking
with a shaking apparatus for 25 minutes immediately after the
mixture is moved to stand under an environment of a low
temperature and a low humidity (under an environment of a
temperature of 10° C. and a humidity of 15% RH). Thereafter,
the resin particles are placed on a 75 um sieve and vibrated at
a vibration width of 1 mm for 90 seconds, and the state of the
resin particles falling down is observed and evaluated in
accordance with the following evaluation criteria (evaluation
of fluidity maintenance immediately after environmental
fluctuation).

Similarly, the mixture is moved to stand under an environ-
ment of a low temperature and a low humidity (under an
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environment of a temperature of 10° C. and a humidity of
15% RH), for 17 hours, the state of the resin particles falling
down is also observed and evaluated in accordance with the
following evaluation criteria in the same way (evaluation of
fluidity maintenance after elapsed time of environmental
fluctuation).
Evaluation Criteria (Fluidity)

A: Resin particles do not remain on the sieve.

B: A slight amount of resin particles remain on the sieve.

C: A significant amount of resin particles remain on the
sieve.

The details and evaluation results of the respective
Examples are listed in Tables 3 and 4.

TABLE 1
Particle forming step
Alkali catalyst solution (TMOS and ammonia
preparing step (alkali water supply conditions)
catalyst solution Total supply
composition) Total supply amount of
Ammonia amount of Supply ammonia Supply
Methanol water NH; TMOS amount of water amount
Number  Number amount  Number of TMOS Number of  of NH;
of parts of parts mol/L parts mol/mol - min parts mol
Example 1 400 70 0.71 200 0.0018 158 0.27
Example 2 400 60 0.62 30 0.0011 24 0.27
Example 3 400 58 0.60 200 0.0018 158 0.27
Example 4 400 85 0.83 200 0.0018 158 0.27
Example 5 400 70 0.71 200 0.0018 158 0.27
Example 6 400 70 0.71 200 0.0018 158 0.27
Example 7 400 70 0.71 135 0.0012 107 0.27
Example 8 400 70 0.71 1100 0.0096 869 0.27
Example 9 400 70 0.71 200 0.0018 158 0.27
Example 10 400 70 0.71 200 0.0018 158 0.27
Example 11 400 70 0.71 200 0.0018 158 0.27
Example 12 400 70 0.71 200 0.0018 158 0.27
Surface-treatment Step
(Supply conditions and
composition of alcohol diluted solution)
Supply amount Ti content in
of alcohol particles Ti content in
diluted solution  Fluorescence particle
Composition of alcohol diluted solution/ (relative to X-ray surface XPS
Titanium compound concentration silica particles) measurement measurement
— Number of parts % by weight atom %
Example 1 TBT + BuOH/1.0% by weight 1.75 1.73 2.61
Example2  TBT + BuOH/1.0% by weight 1.75 1.75 2.25
Example 3 TBT + BuOH/1.0% by weight 1.75 1.57 1.83
Example4  TBT + BuOH/1.0% by weight 0.88 0.75 0.81
Example 5 TBT + BuOH/1.0% by weight 1.75 1.74 2.20
Example 6  TBT + BuOH/1.0% by weight 1.75 1.73 2.10
Example 7 TBT + BuOH/1.0% by weight 1.75 1.75 2.15
Example 8  TBT + BuOH/1.0% by weight 1.75 1.65 248
Example 9 titanium diisopropoxy bis 1.75 1.70 2.75
(acetylacetonate) + BuOH/1.0%
by weight
Example 10  titanium diisopropoxy bis 1.75 1.72 2.73
(ethylacetoacetate) + BuOH/1.0%
by weight
Example 11 TBT + BuOH/1.0% by weight 0.10 0.10 0.17
Example 12 TBT + BuOH/1.0% by weight 5.00 9.50 5.86
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TABLE 2

18

Particle forming step

Alkali catalyst (TMOS and ammonia
solution preparing step water supply conditions)
(alkali catalyst Total supply
solution composition) Total supply amount of
Ammonia amount of Supply ammonia Supply
Methanol water NH; T™MOS amount of water amount of

Number of Number of amount Number of T™MOS Number of NH;

parts parts mol/L parts mol/mol - min parts mol

Comparative 400 70 0.71 200 0.0018 158 0.27
Example 1

Comparative 400 60 0.62 72 0.0006 57 0.27
Example 2

Comparative 400 60 0.62 910 0.0080 719 0.27
Example 3

Comparative 400 60 0.58 200 0.0018 158 0.20
Example 4

Comparative 400 50 0.58 200 0.0018 158 0.09
Example 5

Comparative 400 90 0.88 200 0.0018 158 0.41
Example 6

Comparative 400 70 0.71 200 0.0018 158 0.27
Example 7

Comparative 400 70 0.71 200 0.0018 158 0.27
Example 8

Surface-treatment Step
(Supply conditions and

composition of alcohol diluted solution)

Supply amount

Ti content in

of alcohol particles Ti content in
diluted solution ~ Fluorescence particle
Composition of alcohol diluted solution/ (relative to X-ray surface XPS
Titanium compound concentration silica particles) measurement measurement
— Number of parts % by weight atom %
Comparative None 0.00 0.00 0.00
Example 1
Comparative TBT + BuOH/1.0% by weight 1.75 — —
Example 2
Comparative TBT + BuOH/1.0% by weight 1.75 1.70 2.18
Example 3
Comparative TBT + BuOH/1.0% by weight 1.75 1.57 1.99
Example 4
Comparative TBT + BuOH/1.0% by weight 1.75 — —
Example 5
Comparative TBT + BuOH/1.0% by weight 1.75 1.74 0.46
Example 6
Comparative TBT + BuOH/1.0% by weight 5.20 — —
Example 7
Comparative TBT 1.75 — —
Example 8
TABLE 3
Properties of silica composite particles
Ti content in Evaluation
particles Ti content in Dispersibility Fluidity maintenance
Fluorescence particle Average Particle Average Immediately  After elapsed Immediately After elapsed
X-ray surface XPS particle size of degree after time of after time of
measurement measurement  diameter  circularity distribution environmental environmental environmental environmental
(% by weight) (atom %) D50v (nm) (—) (—) fluctuation fluctuation fluctuation fluctuation
Example 1 1.73 2.61 158 1.34 0.72 A A A A
Example 2 1.75 2.25 36 1.25 0.8 B B A A
Example 3 1.57 1.83 156 1.39 0.62 A A A A
Example 4 0.75 0.81 163 1.29 0.85 A A A A
Example 5 1.74 2.20 158 1.35 0.7 A A B B
Example 6 1.73 2.10 157 1.31 0.81 A A A A
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TABLE 3-continued
Properties of silica composite particle:
Ti content in Evaluation
particles Ti content in Dispersibility Fluidity maintenance
Fluorescence particle Average Particle Average Immediately  After elapsed Immediately After elapsed
X-ray surface XPS particle size of degree after time of after time of
measurement measurement  diameter  circularity distribution environmental environmental environmental environmental
(% by weight) (atom %) D50v (nm) (—) (—) fluctuation fluctuation fluctuation fluctuation
Example 7 1.75 2.15 161 1.32 0.78 A A A A
Example 8 1.65 248 499 1.28 0.62 A A B B
Example 9 1.70 2.75 155 1.28 0.62 A A A A
Example 1.72 2.73 152 1.29 0.85 A A A A
10
Example 0.10 0.17 158 1.35 0.7 A A A B
11
Example 9.50 5.86 160 1.31 0.81 B B A A
12
TABLE 4
Properties of silica composite particles
Ti content in
particles Ti content in Evaluation
Fluorescence particle Dispersibility Fluidity maintenance
X-ray surface Average Average Immediately Afterelapsed  Immediately After elapsed
measurement XPS particle Particle size  degree of after time of after time of
(% by measurement  diameter distribution  circularity environmental environmental environmental environmental
weight) (atom %) D50v (nm) —) (—)  fluctuation fluctuation fluctuation fluctuation
Comparative 0.00 0.00 158 1.34 0.72 B B B C
Example 1
Comparative — — — — — Evaluation Evaluation Evaluation Evaluation
Example 2 unavailable unavailable unavailable unavailable
Comparative 1.70 2.18 550 1.21 0.82 C C B B
Example 3
Comparative 1.57 1.99 135 1.55 0.53 C C B B
Example 4
Comparative — — — — — Evaluation Evaluation Evaluation Evaluation
Example 5 unavailable unavailable unavailable unavailable
Comparative 1.74 0.46 162 1.12 092 A C C C
Example 6
Comparative — — — — — Evaluation Evaluation Evaluation Evaluation
Example 7 unavailable unavailable unavailable unavailable
Comparative — — — — — Evaluation Evaluation Evaluation Evaluation
Example 8 unavailable unavailable unavailable unavailable
From the above results, it is seen that the present Examples 30 ~ What is claimed is:
exhibit lower environmental dependency in dispersibility and 1. Silica composite particles in which a silica particle sur-
maintenance of fluidity as compared with the Comparative ~ faceis sequentially surface-treated with a titanium compound
Examples. in which an organic group is bonded to a titanium atom
The foregoing description of the exemplary embodiments o gvllrlzlrlégilrlr an oxygen atom, and a hydrophobizing agent,

of'the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.

the silica composite paticles comprise a center portion and
a surface layer;

a titanium content in the silica composite particles mea-
sured using fluorescence X-ray is from 0.001% by
weight to 10% by weight;

a titanium content of the surface layer of the silica com-
posite particles is larger than a titanium content of the
center portion of the silica composite particles and sat-
isfies the following Formula (1):

0.6<¥/X <1.8 (1
wherein in Formula (1), X represents a titanium content

(% by weight) in silica composite particles measured



US 9,243,145 B2

21

using fluorescence X-ray, and Y represents a titanium
content (atom %) of the silica composite particle sur-
face layer obtained by XPS measurement;

an average particle diameter of the silica composite par-

ticles is from 30 nm to 500 nm; and

a particle size distribution index of the silica composite

particles is from 1.1 to 1.35, the particle size distribution
index being a square root of the value obtained by divid-
ing an 84% diameter by a 16% diameter using a cumu-
lative frequency distribution of a circle-equivalent diam-
eter.

2. The silica composite particles according to claim 1,
wherein an average degree of circularity of the silica compos-
ite particles is from 0.5 to 0.85.

3. The silica composite particles according to claim 1,
wherein the organic group is an alkoxy group.

4. The silica composite particles according to claim 3,
wherein the number of carbon atoms in the alkoxy group is 8
or less.

5. The silica composite particles according to claim 1,
wherein the titanium compound in which an organic group is

bonded to a titanium atom through an oxygen atom is any of

tetrabutyl orthotitanate, titanium diisopropoxy bis(acetylac-
etonate) and titanium isopropoxy bis(ethylacetoacetate).

6. The silica composite particles according to claim 1,
wherein the hydrophobizing agent is an organosilicon com-
pound having an alkyl group.

7. The silica composite particles according to claim 1,
wherein the hydrophobizing agent is hexamethyldisilazane.

8. The silica composite particles according to claim 1,
wherein the titanium compound is titanium diisopropoxy bis
(acetylacetonate) or titanium isopropoxy bis(ethylacetoac-
etate).

9. Silica composite particles in which a silica particle sur-
face is sequentially surface-treated with a titanium compound
in which an organic group is bonded to a titanium atom
through an oxygen atom, and a hydrophobizing agent,
wherein;

the silica composite particles comprise a center portion and
a surface layer;

a titanium content in the silica composite particles mea-
sured using fluorescence X-ray is from 0.1% by weight
to 3% by weight;

a titanium content of the surface layer of the silica com-
posite particles is larger than a titanium content of the
center portion of the silica composite particles and sat-
isfies the following Formula (1):

0.6<¥/X <1.8 o)

wherein in Formula (1), X represents a titanium content
(% by weight) in silica composite particles measured
using fluorescence X-ray, and Y represents a titanium
content (atom %) of the silica composite particle sur-
face layer obtained by XPS measurement;

an average particle diameter of the silica composite par-

ticles is from 100 nm to 250 nm; and

a particle size distribution index of the silica composite

particles is from 1.25 to 1.35, the particle size distribu-
tion index being a square root of the value obtained by
dividing an 84% diameter by a 16% diameter using a
cumulative frequency distribution of a circle-equivalent
diameter.

10. The silica composite particles according to claim 9,
wherein an average degree of circularity of the silica compos-
ite particles is from 0.6 to 0.8.

11. The silica composite particles according to claim 9,
wherein the organic group is an alkoxy group.
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12. The silica composite particles according to claim 11,
wherein the number of carbon atoms in the alkoxy group is 8
or less.
13. The silica composite particles according to claim 9,
wherein the titanium compound in which an organic group is
bonded to a titanium atom through an oxygen atom is any of
tetrabutyl orthotitanate, titanium diisopropoxy bis(acetylac-
etonate) and titanium isopropoxy bis(ethylacetoacetate).
14. The silica composite particles according to claim 9,
wherein the hydrophobizing agent is an organosilicon com-
pound having an alkyl group.
15. The silica composite particles according to claim 9,
wherein the hydrophobizing agent is hexamethyldisilazane.
16. The silica composite particles according to claim 9,
wherein the titanium compound is titanium diisopropoxy bis
(acetylacetonate) or titanium isopropoxy bis(ethylacetoac-
etate).
17. A method of preparing the silica composite particles of
claim 1, the method comprising:
preparing an alkali catalyst solution in which a first alkali
catalyst is contained in a solvent containing alcohol;

supplying a tetraalkoxysilane and a second alkali catalyst
into the alkali catalyst solution to form silica particles,
the second alkali catalyst being the same as or different
from the first alkali catalyst;

adding a mixed solution of alcohol and the titanium com-

pound, in the alkali catalyst solution in which the silica
particles are formed, to perform a surface-treatment of
the surface of the silica particles by the titanium com-
pound; and

performing a surface-treatment of the surface of the silica

particles treated by the titanium compound, with the
hydrophobizing agent.

18. A method of preparing the silica composite particles of
claim 1, the method comprising:

preparing an alkali catalyst solution containing first alkali

catalyst at a concentration of from 0.6 mol/L. to 0.85
mol/L, in a solvent containing alcohol;

supplying, into the alkali catalyst solution, tetraalkoxysi-

lane at a supply amount of from 0.001 mol/(mol-min) to
0.01 mol/(mol'min) relative to the alcohol, a second
alkali catalyst at a supply amount of from 0.1 mol to 0.4
mol, relative to per 1 mol of a total supply amount of the
tetraalkoxysilane per one minute, to form silica par-
ticles, wherein the second alkali catalyst is the same as or
different from the first alkali catalyst;

supplying a mixed solution of alcohol and the titanium

compound, in the alkali catalyst solution in which the
silica particles are formed, to perform a surface-treat-
ment of the surface of the silica particles by the titanium
compound; and

performing a surface-treatment of the surface of the silica

particles treated by the titanium compound, with the
hydrophobizing agent.
19. A method of preparing the silica composite particles of
claim 9, the method comprising:
preparing an alkali catalyst solution in which a first alkali
catalyst is contained in a solvent containing alcohol;

supplying a tetraalkoxysilane and a second alkali catalyst
into the alkali catalyst solution to form silica particles,
the second alkali catalyst being the same as or different
from the first alkali catalyst;

adding a mixed solution of alcohol and the titanium com-

pound, in the alkali catalyst solution in which the silica
particles are formed, to perform a surface-treatment of
the surface of the silica particles by the titanium com-
pound; and
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performing a surface-treatment of the surface of the silica
particles treated by the titanium compound, with the
hydrophobizing agent.

20. A method of preparing the silica composite particles of

claim 9, the method comprising:

preparing an alkali catalyst solution containing a first alkali
catalyst at a concentration of from 0.6 mol/L. to 0.85
mol/L, in a solvent containing alcohol;

supplying, into the alkali catalyst solution, tetraalkoxysi-
lane at a supply amount of from 0.001 mol/(mol-min) to
0.01 mol/(mol'min) relative to the alcohol, a second
alkali catalyst at a supply amount of from 0.1 mol to 0.4
mol, relative to per 1 mol of a total supply amount of the
tetraalkoxysilane per one minute, to form silica par-
ticles, wherein the second alkali catalyst is the same as or
different from the first alkali catalyst;

supplying a mixed solution of alcohol and the titanium
compound, in the alkali catalyst solution in which the
silica particles are formed, to perform a surface-treat-
ment of the surface of the silica particles by the titanium
compound; and

performing a surface-treatment of the surface of the silica
particles treated by the titanium compound, with the
hydrophobizing agent.
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